When compared with undrifted sites, meadow sites with artificially induced drifts have shorter growing seasons, higher average growing season temperatures due to the absence of a cool spring, similar growing season soil water availabilities, and slightly less available nutrients due to leaching. Community composition, plant production, and plant phenology were affected slightly by doubling snow pack to 12-dm and were affected considerably by quadrupling snow pack to 24-dm. Though larger increases in snowfall might, it seems unlikely that 2&30% increases in winter precipitation would significantly affect the vegetation of Feshrca iduhoensis meadows.
Cameron ( 1973), Weaver and Klarich (1973) , White (1973) , and Knight et al. (1975) .
Additional snow deposited by cloud seeding programs might lie as a uniform sheet (20% increase = approximately 90 mm of water), be redeposited in deep drifts (most likely), or be blown out of the mountain range (Costin et al. 1961) . In the first case, snow packs would be uniformly 20-30% deeper. In the second case they would be doubled or quadrupled, but localized; and in the third case there would be no effect. Weaver (1974) contrasted the "climax' ' vegetation of naturally occurring early melting, middle melting, and late melting sites in a series of Festuca idahoensis meadows; snow packs at the middle and late melting sites were approximately twice and four times those at the early melting sites. This report describes the responses of the vegetation in one of these meadows to an experimental doubling and quadrupling of snowpack.
Methods
The study area lay in a Festuca idahoensis-Agropyron caninum (Mueggler and Hand1 1974) of the site are loamy typic cryoboralls; average annual precipitation is about 960 mm, with 125 mm (13%) falling as rain in the June to August growing season; average July maximum and minimum temperatures are 22°C and 8°C; average January maximum and minimum temperatures are -5°C and-10°C; and the frost-free season is about 70 days. The vegetation and climate of the study area are described in more detail by Weaver (1974) , and the vegetation and climate of similar meadows in the Gravelly Range are described by Mueggler ( 197 1, 1972) . The vegetation of the study area has received little grazing since the 1930's when it was fenced to provide forage for the horses of rangers staying at the nearby Bangtail U4.S. Forest Service Ranger Stat ion.
Sites with normal snowpacks (3 to 6 dm) were compared with sites with 12 dm and 24 dm of snow; the latter were created with snowfences, which were removed each summer to avoid shelter effects (Marshall 1967) . The 12-dm treatment, approximately 30 x 30 m in size, was created by installing five 1.2 X 30 m snowfences at 6-m intervals across the path of prevailing winds. The 24-dm treatment, approximately 30 X 50 m in size, was created by installing 2.7 x 30 m snowfences at 10-m intervals across the path of prevailing winds. The 6-dm treatment was not snowfenced. The fences were first installed late in the summer of 1968.
The physical effects of the treatments were contrasted by the following methods: (1) Snow water contents were determined by standard methods with a Federal snow sampler (Chow 1964) . (2) Dates by which the snow drift melt had occurred were determined by periodic visits. (3) Rates of soil warming after snow melt were determined by distance thermographs with sensors buried at 25 cm and parallel to the earth's surface. (4) Soil water stresses were determined with plaster blocks (Taylor et al. 196 1) calibrated in a pressure membrane 451 apparatus. The blocks were buried in sets of three (at 10,25, and 75 cm) The vegetational composition of the 6-dm, 12-dm, and 24-dm plots was compared after 6 years of treatment by the canopy coverage method of Daubenmire (1959) . On August 29, 1974 twenty-five 2 x 5-dm plots were placed at regular intervals over each area treated. The cover of each plant species present was recorded as O-5%, 5-25%, 25-50%, 50-75%, 75-95%, and 95-100%. Means and standard errors were calculated by using midpoints of the classes observed, i.e., O-5% = 2.5%. Plant names follow Hitchcockand Cronquist ( 1973).
Phenologic
responses of major plant species to the 6, 12, and 24-dm drift treatments were recorded in five permanent 1 x 10-m plots in each treatment area. Phases recorded included green leaf (before and after flowering), buds, flower, fruit, fruit ripe (being shed), and leaves dry. Flowering data are emphasized here because their determination is least likely to have varied between observers. Flowering is recorded in Figure 3 only if flowers were present in three of the five plots observed. Grasses entered the flowering stage when the flower was in the boot, entered the fruiting stage when the seed was hard, and entered the ripe stage when the seed was shed.
Aboveground standing crops on the 6-, 12-, and 24&n drift sites were measured seven times in 1969; six times in 1970, 197 1, and 1972; three times in 1973; and once in 1974 . Plots were clipped fortnightly beginning on June 5, 1969 , June 8, 1970 , June 15, 1971 , and June 12, 1972 . The 1973 clips were made on June 2 1, July 16, and August 2 1. The 1974 clip was made on August 29. Material was clipped at ground level, separated by species (or species group), dried at 60°C and weighed. Ten quadrats were clipped in each treatment at each sampling period. In 1970-74,0.5 x 1 m-plots were chosen at random from preestablished blocks. In 1969, 2 x 5dm quadrats were "thrown at random" and clipped materials were pooled by species, which prohibited calculation of standard errors for 1969 data. Litter was collected by hand.
Results and Discussion

Physical Effects
The physical effects of installing snowfences in a mountain meadow were (1) accumulation of snow in proportion to snowfence height and (2) effects related to the presence of that snow. Snow accumulated in unfenced areas to depths of about 6 dm, in the lower snowfence areas to depths of about 12 dm, and in the higher snowfence area to depths of about 24 dm. The shallow snow areas melted free earlier than drift sites did; approximate melt dates from the 6-dm, 12-dm, and 24-dm areas were Melting snow and MayJune rains provide the 25 to 30 cm of water needed to bring the soil profile to field capacity on all treatments, so all sites have similar initial water contents (Buchanan 1972 and Fig. 1 ). Excess water percolates through the profile and must leach soluble materials from it: (1) Soils at large natural-drift sites generally contain significantly less available magnesium, potassium, sodium, and nitrate and have lower conductivities than do those under nearby driftless sites (Weaver 1974) ; and (2) after 5 years of treatment soils of the 12- Table 1 . !Mected characteristics of soils subjected to snowpacks of 6-dm (normal), 12-dm, and 24_dm for six winters. Means are given with their standard errors.
Belowground biomasses were compared on the 6, 12, and 24-dm drift plots on August 29, 1974. A 2.05-cm diameter soil core 30 cm long was taken from each plot clipped for determination of aboveground biomass and divided into three 10 cm sections.
The core sections were then soaked in Calgon solution and sieved wet. Roots retained by a 0.5 mm screen were pooled with decantable organic matter, dried at 6O"C, weighed, ashed (600"(Z), and reweighed.
Belowground biomass is expressed on an ash-free basis. and/or 24-dm sites are generally poorer in most elements than are those of the 6-dm site (Table 1) . Despite leaching, more phosphorus is available on drift than driftless sites, perhaps because the soils there are more acid.
Relative to driftless (6 dm) sites, drift sites have (1) slight nutrient deficiencies, (2) similar initial soil water availabilities, (3) higher average growing season temperatures, and (4) a shorter growing season due to a relatively late start and a similar closing date. As demonstrated by melt dates given above, the growing season begins as much as a month later on drift sites than on driftless sites. If the growing season is closed by hard frosts or snow, it affects all sites simultaneously.
More often the growing season is closed by drought: soil water was usually exhausted from the upper 25 cm of the driftless area by late July or early August; soil water was usually exhausted from the upper 25 cm of the 12-cm drift area almost simultaneously, and soil water was usually exhausted less than 10 days later on the 24-dm drift site (Fig. I ) . The relatively rapid exhaustion of water from the filled soil profile of the 24-dm drift site is almost certainly due to the strong evaporative power of air movement from large relatively dry areas across much smaller relatively moist areas (Tanner 1957) . Advection is also responsible for the high average growing season temperatures; after snowmelt plants are plunged, without experiencing a cool spring, into summer.
Vegetation Response
Vegetation composition, production of various plants, and phenologies of important plants were recorded as indicators of effects of the physical differences associated with different snow pack treatments on the vegetation originally occupying the site.
The vegetational composition of the driftless plot (6-dm) differs significantly from the vegetational composition of initially similar plots treated with increased snow-packs ( 12-and 24-dm) for 6 years. ( 1 Table 2 . Aerial cover of species after 6 years of ddm, 12-dm, and 24-dm drift treatments.
Means and standard errors are given for all species occupying over 2% of any area. longer treatment Achilles millefolium to the quality of the decreasers. (2) The and Lupinus argenteus will likely amount of bare ground exposed is become decreasers, while Agoseris sp., greater on drift than driftless sites, both Galium boreale, and Stipa richardsonii after 6 years ( Table 2) and at naturally will be snow neutral as they are in occurring sites near equilibrium natural drift sites in adjacent meadows (Weaver 1974) . (3) Litter on the 6-dm, (Weaver 1974) . Weaver (1974) lists 12-dm, and 24-dm drift sites covered other snow increaser and decreaser 17%, 9%, and 4% of the ground, species and discusses their biological respectively; its decline may be due to characteristics; note that his labeling of decreased production of lignaceous dates and soil depths in Bleak 1970; Emerick 1973) . A dynamic view of the high rates of ' 'decomposition' ' under deep snow is presented in Figure 2 : production was both high and similar on the 6-dm, 12&n, and 24-dm treatments in 1972, but in the following summer litter was much less on the 12-and 24-dm drift sites than on the 6-dm drift site.
Annual production was estimated (1) as the maximum standing crop and (2) as the sum of the maximum standing crops of each species (or group of species) separated (Kelly et al. 1974; Singh et al. 1975) . Maximum standing crop data are presented (Fig. 2) After 6 years, standing crops and annual production are apparently lower on drift than on driftless sites, and the differences may be expected to increase as succession proceeds.
(1) Total production on the 12-dm site is less than (or equal in 1973 ) that of the 6-dm site; the difference is statistically significant (5% level) in 197 1 and 1972; and the difference may be due in part to a tendency for soils there to dry before those of the 6-dm site (Fig. 1) as they arc slightly shallower. Total production on the 24-dm site was less in 1970, significantly less in 197 1 and 1973, and was never significantly greatei than that of the 6-dm site. Billings and Bliss (1959), Emerick (1973) , Knight et al. ( 1973), and Weaver ( 1974) report production declines with shortened growing seasons. Weaver's report (1974) suggests that equilibrium production on the 12-and 24-dm sites might be approximately 90% and 25% of the production on the 6-dm site. (2) Total graminoid production was lower on drift than on driftless sites in all cases except on the 24-dm site in 1972; grass production in this case was due to 464 the unusually great growth of Agropyron caninum in mid-August. At equilibrium, early melting sites are expected to have higher graminoid frequencies than do middle melting sites (slightly) or late melting sites (considerably) (Weaver 1974) . The production of Festuca idahoensis, the dominant grass in the meadows studied, declines with increasing snow pack in every year (Fig. 2) . The contribution of Festuca idahoensis to total production in the 24-dm treatment also declined over the 1969-1974 period (17%, lo%, 8%, 9%, 4%, and l%), but this trend was not seen in the 12-dm treatment. The production of other grasses also showed trends consistent with those suggested by the 1974 cover data (Fig.  2) . (3) Forb production tended to be higher on the drift than on the driftless sites in every year except 197 1. The differences are statistically significant in 1973 only. The production of the dominant forb of the study area, Lupinus argenteus, has not been affected by 6 years of added snow; its production does not vary consistently between treatments within years; and its contribution to the total production of the 24-dm site, 1969-1974, shows no clear trend (21%, 17%, 19%, 7%, 14%) and 10%). On large natural drift sites of the area, forb frequencies, including that of Lupinus argenteus, are lower than on driftless sites (Weaver 1974) . (4) Belowground biomass in the top decimeter of the soil is significantly greater on the driftless site than on the drift sites, but no statistically significant differences were observed at 1 CL20 cm or 20-30 cm (Table  3) .
Phenologic Response
Both the beginning and ending of the blooming period were later for plants occupying the 24-dm drift site than for plants on the 6-dm driftless site (Fig.  3) . For early blooming plants (e.g., Dodecatheon conjugens through Festuca idahoensis in Fig. 3 ), blooming was simultaneous on the 6-dm and Table 3 . Root biomass (g/m*) after and standard errors are given.
6 years of 6-dm, 124lm, 12-dm sites even though the 12-dm site usually melted at least 10 days later than the 6-dm site. For many laterblooming plants (e. g . , Cerastium arvense , Arenaria congesta, Achilles millefolium, and Companula rotundifolia), blooming was later on the 12-dm drift site than on the 6-dm driftless site. Blooming time in plants of the second group may be controlled by accumulated heat units, while in the first group blooming may be more strongly influenced by day length, i.e., given a minimum development time, often not satisfied on the 24-dm drift site, all plants bloom simultaneously. Among the "photoperiodic plants" note the strong tendency of Agropyron caninum to begin flowering near June 25. If one assumes that the first fruits shed are products of the first flowers produced, he finds relatively constant maturation times, which tend to be shortest for later-blooming species and which are apparently shortened in the face of drought stress. Maturation times observed in the 6-and 24-dm drift areas were less than the 12-dm, "middle melt" treatment) and if the snow lay flat, resultant changes in the vegetation should be small, cumulative, and perhaps undetectable. If, on the other hand, most of the snowfall increases were deposited in drifts, drift size would be increased slightly and the vegetation now at their edges would be converted rather quickly to that now found under natural drifts. 
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Conclusions
It appears that the impact of seeding winter orographic clouds for 10 to 30% increases in snowfall on the vegetation of Festuca idahoensis meadows would be slight. (1) Imposition of snow packs greater than 24-dm large drifts will probably result in decreased vegetation cover, decreased litter, decreased production, and a change in species composition (Weaver 1974) . Experimental treatment has already produced the expected trends in vegetational cover, vegetational composition, and litter cover; but production did not decline strikingly in 6 years of treatment. Since changes in summer temperatures, soil water stresses, and nutrient availabilities (due to leaching) were slight and the growing season was almost a month shorter, one may conclude that the latter factor was responsible.
This conclusion is reinforced by the observation that plant development (e.g., flowering) was postponed significantly by snow packs deeper than 24-dm. Gopher plowing, if it is greater on drift sites, probably reinforces these trends to an unknown degree. (2) With respect to vegetational composition and production, plant phenology, and soil water stresses, the vegetation of 12-dm sites (= approximately "middle melt") shows similar trends but is more similar to that of the 6-dm treatment than to that of the 24-dm treatment. (3) If snowfall were increased by 10 to 30% (significantly
